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ABSTRACT
The aim of this project is to identify low-redshift host galaxies of quasar absorption-line
systems by selecting galaxies which are seen in projection onto quasar sightlines. To this end,
we use the Seventh Data Release of the Sloan Digital Sky Survey (SDSS-DR7) to construct a
parent sample of 97489 galaxy/quasar projections at impact parameters of up to 100 kpc to the
foreground galaxy. We then search the quasar spectra for absorption line systems of Ca II and
Na I within ± 500 km s−1 of the galaxy’s velocity. This yields 92 Ca II and 16 Na I absorption
systems. We find that most of the Ca II and Na I systems are sightlines through the Galactic
disk, through High Velocity Cloud complexes in our halo, or Virgo cluster sightlines. Placing
constraints on the absorption line rest equivalent width significance (≥3.0σ), the Local Standard
of Rest velocity along the sightline (≥345 km s−1), and the ratio of the impact parameter to
the galaxy optical radius (≤5.0), we identify 4 absorption line systems that are associated with
low-redshift galaxies at high confidence, consisting of two Ca II systems (one of which also shows
Na I), and two Na I systems. These 4 systems arise in blue, ∼L∗r galaxies. Tables of the 108
absorption systems are provided to facilitate future follow up.
Subject headings: catalog, quasar absorption lines, galaxies, Ca II, Na I
1. Motivation
The project we describe in this paper was mo-
tivated by the fact that the Sloan Digital Sky
Survey (SDSS) database contains spectroscopi-
cally observed galaxy/quasar projections which
can be used to study quasar absorptions-line sys-
tems arising from known galaxies with redshifts
between 0<z<0.6. QSO absorption lines provide
a wealth of information on the physical condi-
tions of gaseous structures along random sightlines
through the Universe. The strongest absorption-
line systems seen are the Hydrogen absorption
systems (Damped Lyα Absorbers or DLAs, sub-
DLAs, Lyman-limit, and Lyα-forest systems).
Quasar spectra also exhibit metal-line absorption
systems, with Ca II and Na I causing the strongest
lines at rest-frame optical wavelengths. There is
much current interest in studying the connection
of quasar absorption-line systems with the galaxies
or galaxy environments in which they are thought
to arise, since this can give new information on
the evolving morphological structures that they
represent (Williams et al. 2005; Wolfe et al. 2005;
Baugh 2006; Benson 2010; Dekel & Birnboim
2006; Keresˇ et al. 2005, 2009; Steidel et al. 2010;
Kimm et al. 2011; Stewart et al. 2011). With this
project we seek to discover, and to characterize,
new low redshift absorber galaxies with emphasis
on Ca II and Na I absorbers.
1.1. Absorber-Galaxy Associations
There are two main approaches in uncovering
the connection between the absorber host galaxy
and the absorbing gas seen in quasar spectra. The
first, more traditional, approach involves selecting
quasar absorption-line systems through spectro-
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scopic observations of quasars. This method is in-
dependent of the absorber host galaxy, as the line
is found first, with follow-up imaging to locate the
host galaxy. However, this approach has not pro-
duced a large body of galaxy/quasar pairs. With
few galaxy identifications, then for most absorp-
tion systems the analysis of the host properties
relies on what can be gleaned from the study of
the absorption lines themselves, e.g., Wolfe et al.
(2005).
The second approach in uncovering the con-
nection between the absorbing gas and the ab-
sorber host galaxy is by searching for known low-
redshift galaxies with quasars projected along
lines of sights towards the galaxy. One well
known example of this approach is the dwarf
galaxy SBS 1543+593 which gives rise to a
DLA. The galaxy/quasar pair was first discov-
ered by Reimers & Hagen (1998) and then ex-
tensively studied in absorption and emission
(Schulte-Ladbeck et al. 2004, 2005; Bowen et al.
2005; Rosenberg et al. 2006).
A few previous attempts have been made
at generating large galaxy/quasar pair catalogs.
Burbidge et al. (1990) compiled a catalog of over
400 galaxy/quasar pairs with angular separations
<10’. Bukhmastova (2001) compiled a catalog
from the literature of 8382 galaxy/quasar pairs
separated by <150 kpc at the galaxy redshift.
Even more useful than single pairs is the identi-
fication of multiple quasars projected behind one
particular foreground galaxy, allowing compar-
isons of the absorbing gas along multiple lines-
of-sight through the galaxy. This approach re-
quires the foreground galaxy to have a large an-
gular extent so its cross section covers a large sky
area for random sightlines and constrains the fore-
ground galaxy to be of extremely low redshift.
Crampton et al. (1997) identified 16 AGN behind
the Magellanic Clouds selected via their X-ray
emission and 146 quasar candidates behind nearby
galaxies. Koz lowski & Kochanek (2009) identi-
fied 5000 possible quasar candidates behind the
Magellanic Clouds using a mid-IR color selection
scheme. These and other catalogs have provided
valuable source lists for follow-up observations of
galaxy/quasar projections.
1.2. Project Description
With the vast numbers of galaxies and quasars
found in SDSS, the SDSS is the ideal place to
search for galaxy/quasar projections on a large
scale. The power of using the SDSS for this project
is that it provides spectra. The SDSS spectra
cover the wavelength range from 3900 A˚ to 9200 A˚.
The pixel size is 69 km s−1 (varying from 0.9 A˚ at
the blue end, to 2.1 A˚ at the red end of the spec-
tra); this gives a resolution of about 170 km s−1.
Additional information about the seventh and fi-
nal SDSS data release (SDSS-DR7) can be ob-
tained from Abazajian et al. (2009)
The first goal of this project is to identify and
characterize a large number of galaxy/quasar pro-
jections in which the galaxies are projected onto
quasar sightlines. Section 2 of this paper de-
scribes how we generated a catalog of spectro-
scopic galaxy/quasar pairs, hereafter referred to
as the parent sample, from the SDSS-DR7. We
include a discussion of the basic characteristics of
the parent sample.
The second goal of this project is to find Ca II
and Na I absorbers associated with the galaxies in
the galaxy/quasar parent sample. The lines that
produce the strongest interstellar absorption lines
at optical wavelengths are the Ca II doublet at
λλ 3934.77, 3969.59 A˚ (K, H) and the Na I D
doublet at λλ 5891.58, 5897.56 A˚ (D2, D1). Both
Ca II and Na I have ionization potentials that are
smaller than that of H I, 11.9 eV and 5.1 eV versus
13.6 eV, respectively, and are therefore thought to
be probes of the neutral gas in and around galax-
ies. In section 3, we describe the identification and
selection of the Ca II and Na I absorber galaxies;
in section 4, we analyze and discuss the basic ob-
servational characteristics of the Ca II and Na I
absorbers, and in section 5, we describe the ab-
sorber systems attributed to extragalactic sources.
In section 6 we summarize the characteristics
of the new absorbers and their host galaxies and
make suggestions for follow-up studies.
2. Galaxy-Quasar Parent Sample
The SDSS-DR7 quasar catalog provides the
parent quasar sample (Schneider et al. 2010).
This catalog of bona fide quasars, that have
redshifts checked by eye and luminosities and
line widths that meet the formal quasar defini-
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tion, contains 105783 spectroscopically confirmed
quasars, and represents the final product of the
SDSS-I and SDSS-II quasar survey. The quasar
catalog uses a cosmology with Ho=70 km s
−1,
Ωm=0.3, and ΩΛ=0.7, which we adopted for the
remainder of this paper.
The SDSS-DR7 SpecPhoto View provided the
parent galaxy sample. The SpecPhoto table in-
cludes only those objects where the SpecObj is a
sciencePrimary, and the BEST PhotoObj is a PRI-
MARY object and the object has clean spectra.
We selected from this table all objects that were
morphologically typed as a galaxy (type = galaxy)
and have the spectrum of a galaxy (specClass =
galaxy). This returned 798948 galaxy spectra.
2.1. Parent Sample Definition
We identified all pairs for which
1. the quasar’s spectrum is projected within
100 kpc of a galaxy’s spectrum and
2. the quasar’s spectrum has a redshift which
is larger than the galaxy’s, zQSO > zgal, by
an amount equal to the total redshift error,
σ, of the galaxy and the quasar, zQSO− zgal
>
√
σ2zQSO + σ
2
zgal .
Steps 1 and 2 yielded 97489 pairs of galaxy/quasar
spectra. We refer to these pairs as the galaxy-
quasar parent sample. The full list of pairs is
available for download as a FITS table with the
online version of this paper, a sample of which is
provided in Table 1. Prior to the absorber selec-
tion we also apply an additional constraint on the
parent sample where
3. we remove cases in which intervening Lyα
forest lines potentially cause misidentifica-
tion.
We perform step 3 for both Ca II and Na I, thus
creating two parent samples, one of 95651 pairs
(Na I) and one of 81912 pairs (Ca II). For the
remainder of this section we discuss the overall
parent sample of 97489 pairs.
An issue that affects the construction of our
sample is the 55” fiber collision problem in SDSS.
On a given tile in SDSS, there are a maximum
of 592 possible fibers for placement onto a viable
target. The spacing between each fiber on a tile
is 55”. Targets that lie less than 55” from each
other are spectroscopically unobservable unless re-
covered with overlapping tiles on the sky. About
6% of all SDSS targets are missed in this man-
ner (Blanton et al. 2003). With approximately 1.1
million objects targeted for spectroscopy, 6% cor-
responds to ∼66000 objects. This however does
not necessarily imply that the incompleteness of
close pairs is ∼6%. The spectroscopic incomplete-
ness of our sample in particular (close pairs within
100 kpc) will be addressed in a future paper. At
the mean redshift for SDSS galaxies (z∼0.1), 55”
corresponds to ∼101 kpc. For the majority of our
galaxies, we are searching well within the fiber col-
lision radius.
2.2. Parent Sample Characteristics
Figure 1 shows the redshift distributions of the
galaxy and quasar spectra in the parent sample
of 97489 pairs. The mean redshift of the galaxy
spectra is (µ,σ)=(0.00649,0.00005), and the mean
redshift of the quasar spectra is (µ,σ)=(1.6,0.8).
We see that, indeed, the distribution of QSOs
lies mostly behind that of the galaxies. Figure 2
displays the impact parameter distribution of the
pairs. We find an increasing number of pairs as
the impact parameter increases. This distribution
is expected given the large number of low-redshift
galaxies seen in Figure 1. The 100 kpc search ra-
dius around these low-redshift galaxies produces
a much larger search area on the sky, from which
a greater number of sightlines will be observed.
The mean impact parameter of the distribution is
(µ,σ)=(66,24) kpc.
The spectra which define the galaxy-quasar
parent sample do not necessarily belong to unique
galaxy/quasar pairs. There are two reasons for
this. First, the SDSS database contains multiple
spectra for some galaxies. A typical example is
a nearby star-forming galaxy for which the SDSS
targeted its nucleus plus one or more bright H II
regions. Second, some nearby galaxies cover such
a large area on the sky that they intercept two or
more quasar sight-lines. If the coverages of multi-
ple nearby galaxies overlap, then it is also possible
to have more than one galaxy intercept the same
quasar sightline.
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3. Absorber Galaxies
We searched all quasar spectra in the parent
sample for Ca II and Na I absorption lines located
at the redshift of the foreground galaxy, permit-
ting a deviation of± 500 km s−1 from the systemic
galaxy velocity to allow for the possibility that the
quasar sightline intercepts the galaxy’s gas where
it has an additional internal motion due to rota-
tion, inflow, or outflow.
3.1. Absorber Selection
Our line identification procedure is as follows.
First, we use an automated line finder to create a
candidate list of Ca II and Na I systems. Second,
we review the candidate features by eye to produce
final line lists. We perform the automated line
identification on the two reduced parent samples
of 95651 and 81912 pairs for Na I and Ca II, re-
spectively. The later visual inspection of the can-
didate detections also showed a small number of
possible intervening Mg II, Fe II, or C IV systems
that interfered with a positive identification of the
doublet lines.
We adopted the automated line finder of the
Hubble Space Telescope (HST) Quasar Absorp-
tion Line Key Project (Schneider et al. 1993)
which is optimized to look for weak, unresolved
quasar absorption lines. We followed the pre-
scription as outlined in Churchill (in prep.). The
prescription searches for significant unresolved fea-
tures by weighting each pixel by the Instrumental
Spread Function (ISF), a Gaussian that describes
how the pixel counts are redistributed below the
limiting resolution of the instrument. The ISF, Φ,
is defined as
Φ(λ′ − λ) =
1
2piσ
exp [−
(λ′ − λ)2
2σ2
] (1)
In practice, the ISF is discretized as a Gaussian
model, Pi, symmetric about a pixel i, that spans
M=2J0+1 elements, where J0 = 2p, and p is the
number of pixels per resolution element. The dis-
cretized ISF is given as
Pi = exp [−x
2
kj ]/
M∑
i=1
exp [−x2kj ]
(2)
xkj =
λk − λj
σISFj
normalized to insure conservation of counts within
the region spanned by the ISF. In the above,
σISFj = λj / (2.35 R) is the Gaussian width of
the ISF at pixel j, where R is the spectral resolu-
tion, and k = j + (i-1) - J0 is the wavelength index
relative to the central pixel j.
The procedure is outlined as follows:
1. Weight the Flux Decrement in each
Pixel by the ISF:
The weighted equivalent width and uncer-
tainty in pixel j is defined as
ewj = −
∆λj
P 2
M∑
i=1
PiDk (3)
σewj =
∆λj
P 2
( M∑
i=1
P 2i σ
2
Dk
)1/2
(4)
where
P 2 =
M∑
i=1
P 2i (5)
Dk = 1-(Ik/I
c
k) is the flux decrement in pixel
k, and ∆λj = 0.5×(λj+1-λj−1) is the wave-
length dispersion in pixel j.
2. Search the Spectrum for Pixels Satis-
fying the Condition:
ewj
σewj
≤ −Nσ (6)
where Nσ is a user-specified significance
threshold.
3. Determine the Pixels Spanned by Fea-
ture i:
For a given pixel that satisfies the above con-
dition, identify the start and end pixels of
feature i by scanning the spectrum blueward
and redward of pixel j until the conditions
ew−j
σew−
j
≥ −1.0 ;
ew+j
σew+
j
≥ −1.0 (7)
are met.
4. Determine the Significance of the Can-
didate Feature
Once the pixel span of feature i has been
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identified, the observed equivalent width,
EW, and uncertainty, σEW , of feature i are
EWi =
j+∑
k=j−
ek (8)
σ2EWi =
j+∑
k=j−
σ2ek (9)
where ek = ∆λkDk is the unweighted equiv-
alent width in pixel k, and σe = ∆λkσDk is
the uncertainty in ek. The final step is to
calculate the significance, S, of feature i and
check that it satisfies your required signifi-
cance threshold.
Si =
EWi
σEWi
; Si ≥ Nσ (10)
If the candidate feature satisfies the above
criteria, then it is kept as a candidate ab-
sorption line.
The line finder algorithm expects as input a
normalized flux array. We therefore divided the
quasar spectra by the global continuum fit stored
in the ‘spSpec’ 1D spectral fits file. In some
cases the sought-after doublets were superimposed
on a broad emission line in the quasar’s spec-
trum. We thus re-defined a local continuum an-
chored to the quasar’s normalized spectrum within
± 1000 km s−1 of the expected doublets.
We automatically searched for lines that are lo-
cated to within ± 500 km s−1 of their expected
positions, given the galaxy redshift. The signif-
icance of a candidate line was calculated based
on Equation 10. We chose a significance thresh-
old, Nσ, of two. All lines with significances less
than this threshold were automatically rejected.
This step eliminated a very large number of pairs.
Lines were kept as candidates for visual inspection
if their significances were equal to or exceeded our
specified significance threshold.
3.1.1. Ca II Doublet Sample
We created three candidate line lists. The first
list contained Ca II doublets. For optically thin
gas, the ratio of the primary and secondary line is
2:1, while for saturated lines, the doublet ratio ap-
proaches 1:1. We use this allowed region to define
the acceptable strengths of the weaker, Ca II H
line, i.e. the Ca II H equivalent width must be,
at least, half as strong as the Ca II K line and, at
most, equal in strength to the Ca II K line. Ques-
tionable candidates, which passed the line finder
but not the visual inspection, were moved to a sep-
arate list. Among the parent sample for Ca II sys-
tems, we claim 92 detections (A in Table 1), 1641
questionable candidates (Q in Table 1), and 80179
non-detections (N in Table 1). Main reasons why
a doublet was rejected during visual inspection in-
clude: (a) possibility of confusion with an interlop-
ing non-Ca II system, (b) a pixel pattern in the
doublet region which looked inconsistent with the
profile of a real doublet, and (c) the doublet region
has a low signal-to-noise. For the 92 detections,
the line finder yields a mean line significance level
of the Ca II K line of (µ,σ)=(2.9±0.1,0.6±0.1).
The Ca II absorber catalog consists of 92 de-
tections involving pairs of individual galaxy and
quasar spectra. These 92 detections result from 13
unique galaxy spectra and 61 unique quasar spec-
tra. Listed in Table 2 are the individual Ca II ab-
sorber galaxies, with the number of quasars found
associated with each particular galaxy, along with
any notes regarding that particular galaxy. Ta-
ble 2 highlights the fact that a low-redshift galaxy
may have a large search radius such that many
quasar sightlines are intersected, producing a large
number of non-unique spectral pairs. With more
than one of these galaxies, it is therefore also pos-
sible to have one quasar be considered in multi-
ple pairs with different galaxies. These facts com-
bine to produce the numbers of unique galaxy and
quasar spectra above. For example, the galaxy
SDSS J21633.70+130153.6 had 21 quasars identi-
fied within 100 kpc which exhibited Ca II absorp-
tion located within ±500 km s−1 of the galaxy red-
shift. This system would then account for 1 out
of 13 unique galaxy spectra, 21 out of 61 unique
quasar spectra, and 21 out of 92 Ca II detections.
Also see the last paragraph of Section 2.2.
3.1.2. Na I Doublet Sample
The second line list contained Na I systems.
Some of the Na I doublets are resolved and some
are blended. For partially blended doublets, occa-
sionally the line finder failed to distinguish both
components of the doublet, instead treating the
entire doublet as the Na I D2 line. It then at-
5
tempted to find a ‘false’ weaker component for
Na I. This led us to treat the Na I candidates dif-
ferently from the Ca II candidates. We required
that the line finder identify the ‘Na I D2 line’ of the
doublet only, then visually rejected as question-
able candidates lines showing profile shapes that
appear inconsistent with a blended physical dou-
blet. As with the Ca II systems, we also visually
rejected Na I systems that had (a) the possibility
of an interloping non-Na I system, and (b) sys-
tems with low signal-to-noise within the doublet
region. Among the parent sample for Na I sys-
tems, we claim 583 detections, 3796 questionable
candidates, and 91272 non detections. Many of
the candidate systems were found at very low ve-
locity and were affected by incomplete Na I sky-
line subtraction. This turned out to be a severe
problem. To minimize contamination from incor-
rect sky subtraction, we excluded from the sample
all candidate lines that fell between 5888.0 A˚ and
5901.0 A˚(S in Table 1). This reduced the number
of Na I detections down to 16 systems. For the
16 detections, the line finder yields a mean line
significance of (µ,σ)=(2.8±0.2,0.7±0.3). These 16
detections result from 15 unique galaxy spectra
and 12 unique quasar spectra. Listed in Table 3
are the individual Na I absorber galaxies, with the
same columns as in Table 2.
3.1.3. Ca II K and Na I D2 Sample
We generated a third list in which both the
Ca II K line and the Na I D2 line are detected
by the line finder. In this list we use the Ca II K
line as the “confirmation” line for the Na I D2
line, and vice versa. This required that we im-
pose a limit on the velocity agreement between
the two species. We adopted a limit of 3 pixels,
or 210 km s−1. The visual inspection of this list,
after applying the same sky subtraction process-
ing as in the Na I sample, yielded 2 detections.
The line finder gives a mean line significance for
the Na I lines of 2.8, and 2.3 for the Ca II K lines.
These 2 detections result from 2 unique galaxy and
quasar spectra. Listed in Table 4 are the individ-
ual absorber galaxies.
In all Tables and Figures, ‘Na I’ refers to those
absorbers in the Na I Doublet Sample. ‘Ca II’
refers to those absorbers in the Ca II Doublet Sam-
ple. ‘Both’ refers to absorbers that have at least
the Ca II K line and the Na I D2 line detected.
These absorbers are listed in the ‘Ca II K and
Na I D2 Sample’ and may also be listed in either
the Ca II or Na I Doublet Sample.
3.2. Absorber Catalog
The absorber catalog represents a merger of the
above three final line lists of detections. There
may well be additional Ca II and Na I systems
among the questionable candidates. We investi-
gated this possibility by stacking the spectra of
questionable candidates using various cuts, and
the doublets do become detectable in some of the
stacks. Further analysis on the stacked spectra
will be detailed in a future paper. The confirma-
tion of questionable candidates on an individual
basis requires future spectroscopy with a higher
signal-to-noise and spectral resolution.
As the line finder would occasionally mistake a
Na I blend for the Na I D2 line of the doublet,
it would measure an equivalent width across the
entire line profile, as opposed to just the Na I D2
component. Due to this, we decided to remeasure
the equivalent widths manually, to insure each line
has a proper value. To be consistent, we remea-
sured all the lines within the absorber sample. We
measured the rest equivalent width (rEW), equiv-
alent width error, central wavelength, and cen-
tral wavelength error, of the lines. The equivalent
widths were computed from a direct summation of
the pixels within the line region. The line equiva-
lent width error is the total error of the sum of the
pixel equivalent width errors. The central wave-
length of a line is the equivalent-width weighted
mean of the pixels’ wavelengths; its errors is the
uncertainty of the mean.
Table 5 is our absorber catalog1. The columns
of the catalog are: galaxy spectrum IAU desig-
nation, galaxy redshift, galaxy Galactic coordi-
nates, quasar spectrum IAU designation, quasar
redshift, quasar Galactic coordinates, impact pa-
rameter, the ratio of impact parameter to r-band
1This catalog does not include Mrk 1456 and SDSS
J211701.26-002633.7 (Cherinka et al. 2009). Mrk 1456
was selected from a visual inspection of the SDSS-DR3
spectrum of its background quasar. Here (DR7) it re-
mained in the questionable candidate list of Ca II dou-
blets. SDSS J211701.26-002633.7 was selected from the
SDSS-DR5 using the same automated line finder but with
slightly different parameters. Here it also remained in the
questionable candidate list of Ca II doublets.
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Petrosian radius, and an identifier for which ab-
sorber list it belongs to.
Table 6 is a list of the measured line parame-
ters for each absorber. The columns are galaxy
spectrum, SDSS redshift, the catalog the absorber
belongs to, the Local Standard of Rest (LSR) ve-
locity along the sightline to the quasar, then for
Line 1 in the doublet: the rEW of the line, the sig-
nificance of the line (rEW/σrEW ), the heliocentric
redshift of the line, and the velocity offset of the
line from that of the expected position. For Line
2, we list the rEW of the line, the heliocentric red-
shift of the line, and the velocity offset of the line
from that of the expected position. For blended
Na I features, Line 1 reports the blended values,
while Line 2 is blank.
In Figures 3-5, we show a few examples of ab-
sorbers from the ‘Ca II’, ‘Na I’, and ‘Both’ sam-
ples, ordered by IAU galaxy name. All absorbers
shown were selected using the LSR velocity cutoff
(see Section 4.2). Each figure displays an image
centered on the galaxy, with the image size given
in the lower left. The galaxy name, redshift and
impact parameter to the quasar are also displayed.
If located within the image, the quasar is marked
with a white arrow. All objects with spectroscopy
are indicated with a red square. To the right of
each image displays the Ca II or Na I doublet lines,
centered, in velocity space, on the redshift of the
galaxy. The dotted line indicates the velocity off-
set of the absorber from the galaxy position.
4. Analysis of the Absorbers
This absorber catalog consists of 108 pairs of
galaxy-quasar spectra with either the Ca II or Na I
doublet detected, or both. The absorbers can be
broadly classified into Galactic or extra-galactic
systems. The selection of these systems may vary
depending on the science one wishes to explore
through follow-up observations.
4.1. Selection from Equivalent Width Sig-
nificance
Figure 6 shows the significance of the equiva-
lent width measurements as a function of the rest
equivalent width of the strong line in a doublet
(Ca II K or Na I D2). The 3σ limit, or 99% con-
fidence limit, is indicated as a red horizontal line
in the figure. We find 43 systems with the signif-
icance of either Ca II K or Na I D2 line > 3.0,
53 systems with a significance between 2-3, and
12 systems with a significance <2.0. While we set
the line finder to only accept lines with a signif-
icance > 2, manually remeasuring the equivalent
widths and errors has, in some instances, resulted
in different significances than what the line finder
reported. This is due to having slightly different
boundaries defining the line edges during the di-
rect summation of the equivalent widths in each
pixel.
In the Milky Way, Ca II and Na I equivalent
widths have measured values less than what has
been observed in external galaxies. Ca II K equiv-
alent widths have been measured in the range
of 0.08-0.8 A˚, with the median equivalent width
around 0.18 A˚ (Bowen 1991). Welsh et al. (2010)
searched Milky Way sightlines (within 400 pc of
the Sun) and found Ca II K equivalent widths
<0.3 A˚, and Na I D2 equivalent widths <0.5 A˚.
Bowen (1991) showed that the larger equivalent
widths seen in external galaxies can be recovered
from the smaller values seen in the Milky Way
when taking into account contributions from mul-
tiple, unresolved components, as well as projection
effects through a highly extended, inclined disc.
He showed that the equivalent widths seen in the
Milky Way would be roughly doubled when viewed
from outside our Galaxy.
Equivalent widths, seen in nearby external
galaxies, of Ca II and Na I range from 0.4-
1.0 A˚ for the Ca II K line (Womble et al. 1990;
Womble 1993; Womble et al. 1992; Zych et al.
2007; Boksenberg & Sargent 1978; Boksenberg et al.
1980; Blades et al. 1981; Bergeron et al. 1987;
Bowen et al. 1991) and between ∼0.2-1.8 A˚ for
the Na I D2 line (Junkkarinen & Barlow 1994;
Womble et al. 1990), or ∼2.2 A˚ for blended Na I
systems (Kunth & Bergeron 1984).
There is overall agreement between our rEW
values and those typically seen in the Milky Way
and in nearby external galaxies. As seen in Fig-
ure 6, we find that the Ca II absorbers and the
Na I absorbers naturally divide, with the Ca II
absorbers located primarily at rEWs . 0.5 A˚ and
the Na I absorbers primarily occupying the re-
gion with rEW & 0.5 A˚. This division is possibly
due to a bias between the Ca II and Na I sam-
ples, where the Ca II systems include greater con-
tributions from Galactic sightlines. While both
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samples should include contributions from Galac-
tic and extragalactic sightlines, the cut we placed
on the Na I sample to remove regions contami-
nated by incomplete Na I sky subtraction, and
hence, low velocity systems, may have effectively
removed Galactic contributors. Since this cut was
not placed on the Ca II sample, it becomes biased
towards Galactic absorbers. With this in mind,
our Ca II subset could be a mix of Galactic and
extragalactic absorbers, weighted more towards
Galactic contributions. There are 49 Ca II sys-
tems with rEW>0.3 A˚, that could be extragalac-
tic in origin. Our Na I subset can also be a mix of
Galactic and extragalactic systems, weighted more
towards extragalactic systems. All of our Na I
systems have a rEW>0.5 A˚, and thus could be
considered extragalactic, based on their strength.
There are 2 Na I systems that are resolved and
have unusually high rEWs for what has been seen
previously, but we have checked for interloping ab-
sorption systems and none could be identified.
Figure 7 shows the rEW of our absorbers as a
function of SDSS galaxy redshift. We again see the
split in rEW between the Ca II and Na I absorbers,
as well as a separation in redshift. Given the possi-
ble velocity overlap between Virgo Cluster galaxies
and High-Velocity Clouds (see Section 4.2), if we
consider the redshift region ≥0.012, we find that
the minimum rEW seen in the resulting absorbers
is 0.5 A˚.
While this cannot rule out extragalactic ab-
sorbers having rEW values below ∼0.5 A˚, this is
consistent with rEW values seen in extragalactic
absorbers so far. The large cluster of Ca II systems
with rEW . 0.5 A˚ at low redshifts also points to a
domination by contributions from Galactic sight-
lines.
Examples of systems with rEW/σrEW > 3.0.
are shown in Figures 3c, d for Ca II, and Fig-
ures 4e, f, g, k, n for Na I.
4.2. Selection from LSR Velocity
The absorber catalog contains a large number
of low-redshift systems. Since we allowed velocity
deviations of up to ±500 km s−1 from the galax-
ies’ redshifts, it is possible that some of our de-
tections overlap with Ca II and Na I absorbers
2This redshift marks the estimate of Virgo’s outer boundary
(Binggeli et al. 1993).
in the Milky Way Galaxy, with absorbers in the
Local Group, or with absorbers in the Virgo Clus-
ter. One method of distinguishing Galactic ab-
sorbers from extragalactic ones is through an ex-
ploration of the vLSR-galactic longitude-galactic
latitude parameter space.
Wakker & van Woerden (1991) and Ben Bekhti et al.
(2008) have mapped out Galactic High-Velocity
Cloud (HVC) Complexes around the Milky Way.
Figure 2b and 2e of Wakker & van Woerden
(1991) show vLSR vs l and b, respectively, of
HVC’s around the Milky Way. The HVCs are
not uniform across the sky. They predominantly
lie within two distinct regions. One region of
HVCs, with -500<vLSR<-90 km s
−1, is located
below the galactic plane (b < 0◦) and at l < 180◦.
Another group of HVCs predominantly lies in
the region l < 180◦, b > 0◦, with LSR veloci-
ties between 90-345 km s−1. The region of space
between vLSR±90 km s
−1 is primarily located
within the Galactic disk. As most of the HVCs
lie at vLSR<345 km s
−1, a cut above this limit
will select out systems free from HVC contami-
nation. Below this cutoff, one must place tighter
constraints on galactic l and b, or obtain higher-
resolution data to disentangle likely contributions
by Galactic gas to any absorber candidates.
In Figure 8, we show the LSR velocity of the
Ca II K or Na I D2 absorbers as a function
of Galactic latitude along the sightline towards
the quasar. Also plotted are lines indicating the
|vLSR| > 345 km s
−1 cutoffs. Most of our ab-
sorbers lie within the range that is easily confused
with Galactic HVCs. We find that the majority of
Ca II systems (also the ones located at small rEWs
in Figure 6) lie in the space vLSR±100 km s
−1,
and thus are most likely sightlines through the
Galactic disk. There are 4 Na I systems around
vLSR∼-200 km s
−1 spread over 180◦ in Galactic
longitude but are primarily concentrated around
b∼55◦. These systems lie in an l , b space empty
of HVCs. There are also 3 Ca II systems located
above the velocity cutoff for HVCs at ∼315◦. Al-
though these 7 systems lie in regions void of HVCs,
there are a few Virgo cluster galaxies in our sam-
ple whose sightlines, due to our ±500 km s−1 win-
dow on absorber line position, can scatter out to
these LSR velocities. These sightlines may then
be either associated with the Virgo Cluster, the
Galactic disk, or HVCs. Above 600 km s−1, there
8
are 11 Na I systems and 3 Ca II systems. In gen-
eral, we find the stronger Ca II and Na I equiv-
alent width systems located at large LSR veloci-
ties, as expected if these systems were truly ex-
tragalactic in nature. All the absorbers displayed
in Figures 3-5 depict examples of systems with
|vLSR|≥345 km s
−1.
4.3. Selection from Impact Parameter
An alternative to selecting on LSR velocity, one
may also wish to select absorbers based on their
impact parameter. Figure 10 shows the distribu-
tion of absorbers in impact parameter vs b/rPetro
ratio. The striping seen at low Petrosian radii is
due to the large search radius (in angular scale)
for extremely low redshift galaxies. Each stripe
corresponds to multiple quasar sightlines being as-
sociated with one galaxy. As with the prior two
selection criteria, we also find a natural division
between the Ca II and Na I systems. Most of the
Ca II systems seen at low Petrosian radii are due
to the large search area around low-redshift galax-
ies picking up Galactic sightlines.
DLAs are an absorber class of immense inter-
est due to their large column densities and the
fact that they trace the bulk of the neutral Hy-
drogen content in the Universe. Rao et al. (2003)
studied the properties of low-redshift DLA galax-
ies (0.05<z<1.0) and found them out to an impact
parameter of 38 kpc, with a mean value of 12 kpc
(converted to our cosmology). Rao et al. (2011)
recently identified a set of host galaxies within in
the redshift range 0.1-1.0 exhibiting DLA, sub-
DLA, and Lyman Limit (LL) absorption. They
found a median impact parameter of 17.4 kpc for
the DLAs increasing to 36.4 kpc for the LL sys-
tems, with the full range extending out to 100 kpc.
Considering a mean impact parameter of 12 kpc,
there are 3 systems found at small impact param-
eters that would be of interest. For an impact
parameter of 38 kpc, covering the entire range of
DLA detections, there are 17 sightlines [9 galaxies]
that are within the range where DLAs have been
found.
From HI maps of the Milky Way, as well as
many nearby galaxies, we know the neutral Hydro-
gen extent of a galaxy can extend many times past
the optical radius of the galaxy. Cayatte et al.
(1994); Broeils & Rhee (1997) have shown that
neutral Hydrogen can extend to at least twice the
optical radius for spirals, and as much as 4-5x in
dwarf galaxies (Swaters et al. 2002; de Blok et al.
1996). It may be useful then to select systems
based on the ratio of the impact parameter to
the optical radius of the galaxy. Here we use
the r-band Petrosian radius as a proxy for the
radius of the galaxy. In some cases the Pet-
rosian radius may miss extended light from the
galaxy (Stoughton et al. 2002), so this radius can
be thought of as a lower limit to the optical ra-
dius of the galaxy. With this sample, we find 7
galaxies that lie within 5x the Petrosian radius, 3
of which lie within the optical disk of the galaxy
(b/rPetro<1)).
For extragalactic systems, the median impact
parameter seen for Ca II and Na I is ∼15 kpc,
and ∼14 kpc, respectively (Womble et al. 1990;
Womble 1993; Womble et al. 1992; Zych et al.
2007; Boksenberg & Sargent 1978; Boksenberg et al.
1980; Blades et al. 1981; Bergeron et al. 1987;
Bowen et al. 1991; Junkkarinen & Barlow 1994).
Considering this area of parameter space in Fig-
ure 10, we find our Ca II and Na I absorbers are
located close in to galaxies with Petrosian radii
∼10 kpc, the median value seen in the SDSS Spec-
Photo sample we draw from. These systems then
are most likely extragalactic. Examples of systems
with b/rPetro<5 are shown in Figures 3a, c, d, for
Ca II and Figures 4a, e, f, g, h for Na I.
4.4. Notes on Individual Absorbers
Here we provide a few notes on individual ab-
sorbers from our absorber list.
• SDSS J102703.86+283721.9
This galaxy spectrum has a SDSS redshift
of 0.00020±0.00016, classified manually with
high confidence, and has a zwarning of ‘Ab-
sorption lines inconsistent’. The galaxy is
not associated with NGC 3245A, which has
a redshift of 0.00441±0.000008. Within
the 100 kpc search radius, seven quasar
sightlines were identified with Ca II ab-
sorption, and one sightline with Na I ab-
sorption. However, the uncertainty of this
galaxy’s redshift may have resulted in erro-
neous matches and calls into question the ap-
parent association of this galaxy with these
sightlines. We exclude this galaxy from Fig-
ures 10 and 11.
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• SDSS J113420.50-033525.4
This galaxy has a SDSS redshift of 0.00008±0.00007,
at high confidence. Twelve quasars sight-
lines were identified with Ca II absorption
and four sightlines with Na I absorption.
Upon viewing the spectrum for this galaxy,
there appear to be several absorption lines
indicating a stellar spectrum that corrob-
orates the reported SDSS redshift. Light
from a star may have entered the fiber when
the spectrum was taken. This galaxy is
also identified in the 2dFGRS as N171Z241,
with a reported redshift of 0.1151±0.0003.
The spectrum for N171Z241 visually does
not agree with the spectrum from SDSS.
Although the sightlines discovered through
this association are real detections of Na I
or Ca II, this discrepancy in the galaxy red-
shift leaves some doubt as to the associa-
tions between this galaxy with these quasar
sightlines. We exclude this galaxy from Fig-
ures 10 and 11.
• SDSS J114313.05+193646.9
The galaxy lies at a redshift of 0.02085±0.00009.
There is one quasar (SDSS J114323.71+193448.0)
located 81 kpc from the galaxy position.
This galaxy is in the cluster Abell 1367
(as indicated in NED3), along with SDSS
J114318.07+193401.3 and SDSS J114336.98+193616.7.
As these three galaxies intersect the same
sightline to the quasar SDSS J114323.71+193448.0,
it is unknown which galaxy is responsible for
the absorbing gas, or if the gas is intracluster
material.
• SDSS J114318.07+193401.3
The galaxy lies at a redshift of 0.02262±0.00015,
and is located 42 kpc from the quasar. This
galaxy is in the cluster Abell 1367.
• SDSS J114336.98+193616.7
The galaxy lies at a redshift of 0.02201±0.00019,
and is located 92 kpc from the quasar. This
galaxy is in the cluster Abell 1367.
• SDSS J150400.94+240437.1
The galaxy lies at a redshift of 0.06894±0.00010.
The quasar, SDSS J150359.48+240532.8, is
located 78 kpc from the galaxy position.
3NASA Extragalactic Database
This galaxy is possibly in a group with
SDSS J150403.17+240559.8. The two galax-
ies intersect the same sightline to the quasar
SDSS J150359.48+240532.8, so it is unclear
which galaxy is responsible for the absorber,
or whether the absorption is coming from
intragroup material.
• SDSS J150403.17+240559.8
The galaxy lies at a redshift of 0.06997±0.00019,
and is located 77 kpc from the quasar. This
galaxy is in a group with SDSS J150400.94+240437.1.
5. Characteristics of Extragalactic Ab-
sorber Galaxies
In the previous section we described various
ways to differentiate Galactic absorbers from ex-
tragalactic ones. While the absorbers in the
Galactic disk or in HVCs are interesting in and of
themselves, our original purpose was to identify
Ca II and Na I systems due to, as well as residing
close to, nearby external galaxies.
5.1. Emission-Selected Systems
Considering the criteria b/rPetro < 5, |vLSR| ≥ 345 km s
−1,
and rEW/σrEW ≥ 3, there are 4 absorption sys-
tems that satisfy all three conditions. There are
two systems detected in Ca II, one of which was
also detected in Na I, and two detected in Na I.
These systems are SDSS J141745.62+162509.3
(Figure 3c), SDSS J155752.51+342142.8 (Fig-
ures 3d and 5b), SDSS J122037.63+283803.3 (Fig-
ure 4f), and SDSS J140613.22+153035.5 (Fig-
ure 4g). These 4 systems have a mean g-r color of
0.6±0.2 and a mean Mr of -20.1±1.8. Adopting
an 0.1r-band L∗ of -21.28 (Blanton et al. 2003),
we find an average L∗r0.1 of 0.8±0.4 L⊙. All colors
and magnitudes were calculated using Kcorrect
v4.2 Blanton & Roweis (2007) and band-shifted
to z=0.1, indicated with the 0.1 superscript.
The mean impact parameter of the 4 systems is
13.6±9.8 kpc, while the mean b/rPetro ratio is
1.0±0.6.
Figure 11 shows the galaxy rest-frame g-r
color versus the SDSS absolute r-band magnitude,
band-shifted to 0.1. As one galaxy may have mul-
tiple quasar sightlines associated with it, we only
plot the 22 unique galaxies. The two galaxies with
uncertain redshifts have been excluded from the
plot. Adopting a red/blue color separation from
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Yan et al. (2006), we find 2 red galaxies and 20
blue galaxies. In both the red and blue samples
we find a mix of galaxies with Ca II and Na I
sightlines. Our four extragalactic Ca II and Na I
systems lie in the lower right portion of the figure,
and would be classified as blue, ∼L∗r galaxies.
5.2. Comparison with Absorption-Selected
Systems
Zych et al. (2007) selected Ca II systems from
the SDSS using the more traditional approach of
identifying the absorption line in the quasar spec-
trum first, with follow-up imaging to locate the
associated host galaxy. They identified 5 Ca II ab-
sorption systems in this manner and found them
primarily located in blue, ∼L∗, star-forming galax-
ies with the Ca II located at small impact param-
eters (11.6±8.4 kpc)4. Of the 5 pairs reported by
Zych et al. (2007), one is found in our sample, the
galaxy SDSS J111849.76-002109.9 (Figures 3a and
4a). The Ca II equivalent width we measure for
SDSS J111849.76-002109.9 is consistent with that
reported in Zych et al. (2007). We also detect Na I
from this galaxy as well. This galaxy, along with
one additional Na I system, is included in our list
of extragalactic absorbers if we relax the condi-
tion on absorption line significance. Of the other
4 galaxies in Zych’s sample, one galaxy was de-
tected within the fiber of the quasar and the other
3 do not have spectroscopy in SDSS, and thus are
not in our sample of DR7 galaxies.
It is interesting to note that there is a gen-
eral agreement in the overall galaxy properties be-
tween our emission-selected absorbers and their
absorption-selected absorbers. Both methods re-
turned blue, ∼L∗ galaxies.
6. Summary
We have searched the SDSS-DR7 for low-
redshift galaxy-quasar pairs, where the quasar
is projected within 100 kpc of the galaxy, and
found 97489 galaxy/quasar pairs from a sample
of 105783 spectroscopic quasars and 798948 spec-
troscopic galaxies. From this list of pairs, we
searched for Ca II and Na I absorbers, using an
automated process followed by visual inspection,
and found 108 absorption line systems, 92 of which
4Mean value calculated using data from their Table 5
are Ca II, 16 of which are Na I, along with ∼5600
questionable candidate features. Within our sam-
ple of 108 absorbers, we find many sightlines that
coincide with sightlines through the Galactic disk
or through High-Velocity Cloud complexes in our
halo.
Our goal was to identify Ca II and Na I sys-
tems that lie within or near known low-redshift
galaxies. To this end, we placed constraints on the
absorber line significance (rEW/σrEW ≥3), on the
LSR velocity (|vLSR|≥345 km s
−1), and on the ra-
tio of impact parameter to r-band Petrosian radius
(b/rPetro < 5). We find 4 bonafide extragalactic
galaxies with Ca II and/or Na I absorption de-
tected along sightlines to nearby quasars. One is
detected in Ca II only, two are detected in Na I
only, and one is detected in both Ca II and Na I.
These absorption systems arise in blue, ∼L∗r galax-
ies. With the absorbers’ impact parameters within
the range seen for low-redshift DLAs, these sys-
tems would be good candidates for follow-up HI
21 cm or UV observations to determine neutral
Hydrogen column densities.
Future work, forthcoming in Paper 2, will con-
sist of a statistical exploration of different galaxy
properties for the Ca II and Na I absorbers and
non-absorbing systems via stacking techniques.
Another area of future work will be to compare
the emission line properties of the absorbing galax-
ies in our sample with those from the absorption-
selected samples.
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Parent Sample: 97489 Galaxy−QSO pairs
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Fig. 1.—: Shown here are the redshift distributions for the parent galaxy and quasar sample. As expected
given our catalog constraints, the distribution of quasars does indeed lie behind the distribution of galaxies.
The inset plot shows a zoomed region of z<0.5.
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Parent Sample: 97489 Galaxy−QSO pairs
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Fig. 2.—: Shown here is the distribution of impact parameter in kpc of the parent galaxy-quasar sample.
The large number of pairs seen at large impact parameters is due to the much larger projection of the 100 kpc
search radius for low-redshift galaxies, facilitating the detection of many more sightlines.
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(a)
(b)
Fig. 3.—: A subset of Ca II Absorbers: The image is centered on the galaxy position, scaled to focus on
the galaxy in each pair. For cases where the QSO is within the image, it is marked with a white arrow. In
other cases, scaling the image to show both the galaxy and QSO results in an loss of detail regarding both
objects. All objects with an SDSS spectrum are marked with a red square. The galaxy name and redshift
are displayed at the top. In the lower left is the image size. Below that is the impact parameter between the
quasar and galaxy. The absorption lines detected are shown on the right. The y-axis shows the normalized
flux. The middle panel displays the strong line at 3934.77A˚, with the weaker line at 3969.59A˚ on the right.
Each panel is centered in velocity space on the galaxy redshift. The dashed blue line marks the velocity
offset of the line from the host galaxy. The red line marks the normalized continuum.
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(c)
(d)
Fig. 3.—: cont’d
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(a)
(b)
Fig. 4.—: A subset of Na I Absorbers: The image marks are the same as in Figure 3. The absorption line is
shown in the right panel, centered on the expected position of the 5891.58 A˚ line from the galaxy redshift.
The y-axis shows the normalized flux. The dashed blue line represents the velocity offset of the line from
the expected position, or in the case of a blend, the offset as determined across the whole profile.
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Fig. 4.—: cont’d
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(f)
Fig. 4.—: cont’d
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Fig. 4.—: cont’d
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Fig. 4.—: cont’d
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(k)
Fig. 4.—: cont’d
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(a)
(b)
Fig. 5.—: Absorbers with Ca II and Na I strong lines. The figure displays the same format as in Figure 3.
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Fig. 6.—: Plot of the significance (rEW/σrEW ) of the Ca II K or Na I D2 lines vs the rest equivalent width,
for the list of absorbers. Open green squares refer to the Na I D2 line. Filled green squares refer to blended
Na I systems. Open orange diamonds refer to the Ca II K line. Symbols connected by a dotted line indicate
absorbers with both Na I and Ca II detected.
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Fig. 7.—: Plot of absorber rest equivalent width vs SDSS galaxy redshift, for the list of absorbers. Symbols
are the same as in Figure 6. The dashed vertical line separates absorbers with z≥0.01. This redshift separator
was chosen as a guide to separate absorbers due to Galactic sightlines and Virgo cluster galaxies from ‘true’
extragalactic systems, based on the outer boundary to the Virgo cluster (Binggeli et al. 1993).
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Fig. 8.—: Plot of the LSR velocity of the Ca II K or Na I D2 line (or Na I doublet, if blended) against the
Galactic latitude along the quasar sightline, for the list of absorbers. The two solid lines at ±345 km s−1
indicate the velocity cutoff separating Galactic High-Velocity Cloud complexes from extragalactic absorbers
(Wakker & van Woerden 1991). There are several pairs with vLSR > 600 km s
−1 not shown on the plot.
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Fig. 9.—: Plot of the Galactic latitude against the LSR velocity of the Ca II K or Na I D2 line (or Na I
doublet, if blended) along the quasar sightline, for the list of absorbers. The two solid lines at ±345 km s−1
indicate the velocity cutoff separating Galactic High-Velocity Cloud complexes from extragalactic absorbers
(Wakker & van Woerden 1991). There are several pairs with vLSR > 600 km s
−1 not shown on the plot.
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Fig. 10.—: Plot of quasar impact parameter versus SDSS r-band Petrosian radius, for the list of absorbers.
The line at 38 kpc represents the impact parameter out to which low-z DLAs have been found by Rao et al.
(2003). The three curved lines indicate the ratio of the impact parameter to the r-band Petrosian radius
(1, 2, and 5, respectively). The vertical striping apparent in the data at low Petrosian radii is a result of
multiple QSO sightlines being found within the 100 kpc search radius of a low redshift galaxy. The absorbers
marked with ‘E’ and ‘Z’ represent the 4 extragalactic absorbers, and the Zych absorber, discussed in Section
5.
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Fig. 11.—: Plot of galaxy g-r color versus galaxy SDSS r-band absolute magnitude, for the list of absorbers.
The purple line corresponds to the average of the red/blue galaxy cutoffs from Yan et al. (2006). Applying
the cut divides our sample into 5 red galaxies and 19 blue galaxies. Galaxies between the red and blue
regions are more ambiguous in their classification. The absorbers marked with ‘E’ and ‘Z’ represent the
4 extragalactic absorbers, and the Zych absorber, discussed in Section 5. All absolute magnitudes were
calculated using distances derived from heliocentric redshifts, with the exception of the four Virgo cluster
galaxies. For those galaxies, distances were derived from redshifts corrected for the Local Group infall
towards Virgo, taken from HyperLeda (Paturel et al. 2003).
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Table 1:: Parent Sample of 97468 Galaxy-Quasar Pairs
Galaxy zsdss Quasar zQSO 100kpc Scale b b inCa inNa CaFlag NaFlag V CCaII V CNaI
[’] [’] [kpc]
SDSS J000005.53-011258.9 0.03170±0.00009 SDSS J235958.66-011225.3 1.77180 2.63 1.80 68.63 1 1 N N - -
SDSS J000006.67+003016.7 0.10916±0.00015 SDSS J000006.53+003055.2 1.82460 0.84 0.64 76.84 1 1 N N - -
SDSS J000027.97-002653.4 0.07897±0.00015 SDSS J000030.37-002732.4 1.80550 1.12 0.88 79.24 1 1 N N - -
SDSS J000031.98-103322.0 0.07713±0.00015 SDSS J000035.75-103305.3 1.21820 1.14 0.97 84.75 1 1 N N - -
SDSS J024910.78-074924.6 0.00457±0.00001 SDSS J024945.00-075626.9 1.58460 17.69 11.02 62.28 1 1 Q N 4 -
SDSS J024910.78-074924.6 0.00457±0.00001 SDSS J024950.68-075949.9 0.97360 17.69 14.36 81.17 1 1 N Q - 7
SDSS J024910.78-074924.6 0.00457±0.00001 SDSS J024957.31-075617.0 2.16360 17.69 13.42 75.84 1 1 N N - -
SDSS J025346.70-072344.0 0.00449±0.00001 SDSS J025407.68-074023.0 0.73160 18.00 17.44 96.88 1 1 N N - -
SDSS J025346.70-072344.0 0.00449±0.00001 SDSS J025414.61-073435.4 1.47220 18.00 12.87 71.51 1 1 N Q - 4
SDSS J025346.70-072344.0 0.00449±0.00001 SDSS J025420.59-073745.5 2.16710 18.00 16.35 90.80 1 1 Q N 3 -
SDSS J122037.63+283803.3 0.02764±0.00011 SDSS J122037.22+283752.0 2.20420 3.00 0.21 6.92 1 1 N A - 1
SDSS J141745.62+162509.3 0.24229±0.00015 SDSS J141746.03+162512.2 1.71690 0.44 0.11 25.26 1 1 A N 1 -
Note.—The columns are 1-SDSS galaxy name, 2-SDSS galaxy redshift, 3-SDSS quasar name, 4-SDSS quasar redshift, 5-The
100 kpc search radius scale in arcmin, 6-impact parameter in arcmin, 7-impact parameter in kpc, 8&9-flags indicating the
inclusion (1) or exclusion (0) due to Ly-α forest contamination, 10&11-flags indicating absorber candidate (A), questionable
candidate (Q), non-detection (N), interloping doublet (D), removal due to sky line (S), 12&13-flags indicating our visual
classification of the absorber or questionable candidate (see the FITS header for a legend).
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Table 2:: Individual Ca II Absorbers
Galaxy zsdss QSO Count Notes
SDSS J091338.99+193707.4 0.00143±0.00001 1
SDSS J102703.86+283721.9 0.00020±0.00016 7 inconsistent spectrum, not a part of NGC 3245A
SDSS J111849.76-002109.9 0.13179±0.00016 1 see also Zych et al. (2007)
SDSS J113420.50-033525.4 0.00008±0.00007 12 inconsistent spectrum
SDSS J114637.59+405036.6 0.00280±0.00002 1
SDSS J121323.27+295518.4 0.00042±0.00001 1 KUG 1210+301B
SDSS J121344.76+363802.4 0.00045±0.00018 1 in NGC 4190
SDSS J121633.70+130153.6 0.00006±0.00007 21 VCC 200 (dE2)
SDSS J122843.30+114518.1 0.00054±0.00007 1 VCC 1125 (S0(9))
SDSS J122844.91+124835.1 0.00004±0.00033 41 VCC 1129 (dE3)
SDSS J123745.22+070618.3 0.00011±0.00032 3 VCC 1726 (SdmIV)
SDSS J141745.62+162509.3 0.24229±0.00015 1
SDSS J155752.51+342142.8 0.11366±0.00006 1
Note.—Inconsistent spectrum refers to an inconsistency between the reported SDSS redshift with the galaxy spectrum.
Table 3:: Individual Na I Absorbers
Galaxy zsdss QSO Count Notes
SDSS J102703.86+283721.9 0.00020±0.00016 1 inconsistent spectrum, not in NGC 3245A
SDSS J111849.76-002109.9 0.13179±0.00016 1
SDSS J113420.50-033525.4 0.00008±0.00007 2 inconsistent spectrum
SDSS J114313.05+193646.9 0.02085±0.00009 1 in Abell 1367
SDSS J114318.07+193401.3 0.02262±0.00015 1 in Abell 1367
SDSS J114336.98+193616.7 0.02201±0.00019 1 in Abell 1367
SDSS J115115.25+485331.0 0.02565±0.00011 1
SDSS J122037.63+283803.3 0.02764±0.00011 1
SDSS J122844.91+124835.1 0.00004±0.00033 1 VCC 1129 (dE3)
SDSS J124006.10+613609.5 0.00026±0.00017 1 in NGC 4605
SDSS J140613.22+153035.5 0.06040±0.00018 1
SDSS J142009.64+132626.7 0.14152±0.00020 1
SDSS J150400.94+240437.1 0.06894±0.00010 1 in group
SDSS J150403.17+240559.8 0.06997±0.00019 1 in group
SDSS J151145.63+071510.6 0.04393±0.00019 1
Table 4:: Individual Na I & Ca II Absorbers
Galaxy zsdss QSO Count Notes
SDSS J111849.76-002109.9 0.13179±0.00016 1
SDSS J155752.51+342142.8 0.11366±0.00006 1
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Table 5:: Total Absorber Sample: Position Information
Galaxy zG l b QSO zQSO l b b b/rPetro Ion
[◦] [◦] [◦] [◦] [kpc]
SDSS J091338.99+193707.4 0.00143±0.00001 209 40 SDSS J091511.03+201248.3 1.23900 209 40 74.13 245.1 CaII
SDSS J102703.86+283721.9 0.00020±0.00016 202 58 SDSS J100417.96+282444.1 0.32820 201 53 75.87 411.5 CaII
0.00020±0.00016 202 58 SDSS J100927.44+273215.7 1.51230 203 54 61.12 331.6 CaII
0.00020±0.00016 202 58 SDSS J101353.43+244916.4 1.63430 208 55 72.86 395.2 CaII
0.00020±0.00016 202 58 SDSS J101956.59+274401.7 1.92500 203 57 27.34 148.3 CaII
0.00020±0.00016 202 58 SDSS J104111.97+282805.0 0.21100 203 61 47.11 255.6 CaII
0.00020±0.00016 202 58 SDSS J104221.97+282013.3 1.68590 203 61 51.15 277.5 NaI
0.00020±0.00016 202 58 SDSS J104224.85+231001.7 1.23720 213 61 97.85 530.8 CaII
0.00020±0.00016 202 58 SDSS J105124.28+320044.5 0.44600 195 64 94.74 513.9 CaII
SDSS J111849.76-002109.9 0.13179±0.00016 260 55 SDSS J111850.13-002100.7 1.02560 260 55 25.25 2.2 NaI
0.13179±0.00016 260 55 SDSS J111850.13-002100.7 1.02560 260 55 25.25 2.2 CaII
0.13179±0.00007 260 55 SDSS J111850.13-002100.7 1.02560 260 55 25.25 2.2 Both
SDSS J113420.50-033525.4 0.00008±0.00007 269 54 SDSS J104102.43+023242.8 1.95870 246 50 83.38 9958.3 NaI
0.00008±0.00007 269 54 SDSS J110156.34+073525.2 1.51360 245 58 78.45 9369.3 CaII
0.00008±0.00007 269 54 SDSS J110557.87+045728.3 0.90850 250 56 63.14 7541.0 CaII
0.00008±0.00007 269 54 SDSS J111012.07+011327.8 0.09500 256 55 43.89 5241.4 CaII
0.00008±0.00007 269 54 SDSS J111507.65+023757.5 0.56650 256 56 44.69 5337.7 CaII
0.00008±0.00007 269 54 SDSS J111816.94+074558.2 1.73500 250 61 68.47 8178.1 CaII
Note.—Ion refers to which line list the absorber belongs to. Absorbers listed as Na I have the Na I doublet detected.
Absorbers listed as Ca II have the Ca II doublet detected. Absorbers listed as Both have at least both the Ca II K and Na I D2
lines detected. The full table is provided with the online version of the paper.
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Table 6:: Total Absorber Sample: Line Measurements
Galaxy zG Ion vLSR rEW1 rEW1/σrEW1 zline1 ∆v1 rEW2 zline2 ∆v2
[km s−1] [A˚] [km s−1] [A˚] [km s−1]
SDSS J091338.99+193707.4 0.00143±0.00001 CaII -32.2 0.30± 0.15 1.97 -0.00009±0.00047 -455.6± 139.9 0.29± 0.13 -0.00008±0.00047 -453.1± 140.1
SDSS J102703.86+283721.9 0.00020±0.00016 CaII -64.8 0.25± 0.09 2.66 -0.00021±0.00051 -123.8± 160.1 0.21± 0.12 -0.00059±0.00055 -237.8± 172.4
0.00020±0.00016 CaII -79.9 0.44± 0.12 3.50 -0.00026±0.00038 -139.0± 125.5 0.18± 0.12 -0.00015±0.00059 -104.8± 183.1
0.00020±0.00016 CaII -30.6 0.39± 0.10 3.81 -0.00009±0.00041 -89.4± 131.3 0.32± 0.10 -0.00024±0.00044 -132.7± 141.8
0.00020±0.00016 CaII -53.5 0.31± 0.12 2.60 -0.00017±0.00046 -113.1± 145.5 0.23± 0.13 0.00015±0.00053 -15.8± 165.6
0.00020±0.00016 CaII -19.8 0.34± 0.10 3.35 -0.00007±0.00044 -80.7± 140.7 0.29± 0.10 -0.00016±0.00047 -109.8± 149.8
0.00020±0.00016 NaI -216.9 0.81± 0.37 2.16 -0.00072±0.00019 -277.8± 75.2 0.59± 0.28 -0.00046±0.00022 -199.1± 82.8
0.00020±0.00016 CaII -38.6 0.30± 0.15 1.93 -0.00013±0.00047 -98.7± 148.8 0.23± 0.14 0.00001±0.00052 -56.8± 165.0
0.00020±0.00016 CaII -77.9 0.32± 0.14 2.26 -0.00026±0.00045 -139.9± 143.9 0.36± 0.15 -0.00064±0.00042 -251.6± 135.5
SDSS J111849.76-002109.9 0.13179±0.00016 NaI 39538.5 0.68± 0.27 2.51 0.13180±0.00019 2.3± 75.7 0.31± 0.27 0.13187±0.00029 22.1± 98.7
0.13179±0.00016 CaII 39400.1 0.73± 0.32 2.32 0.13134±0.00028 -136.1± 96.7 0.62± 0.28 0.13176±0.00030 -10.6± 102.5
0.13179±0.00007 BothNaI 39544.4 0.70± 0.24 2.89 0.13182±0.00019 8.2± 75.1 0.31± 0.27 0.13187±0.00029 22.1± 98.7
0.13179±0.00016 BothCaII 39544.4 0.60± 0.23 2.58 0.13154±0.00031 -76.7± 104.8 0.63± 0.25 0.13175±0.00030 -14.3± 101.9
SDSS J113420.50-033525.4 0.00008±0.00007 NaI -190.8 1.30± 1.16 1.11 -0.00062±0.00015 -209.7± 49.4 0.82± 0.77 -0.00024±0.00019 -94.0± 59.8
0.00008±0.00007 CaII -81.5 0.51± 0.28 1.78 -0.00027±0.00036 -102.4± 109.0 0.37± 0.23 -0.00008±0.00042 -46.0± 126.5
0.00008±0.00007 CaII 33.6 0.33± 0.09 3.59 0.00012±0.00044 12.8± 134.8 0.23± 0.10 0.00019±0.00053 34.0± 160.2
0.00008±0.00007 CaII 34.5 0.32± 0.12 2.73 0.00012±0.00045 14.0± 136.9 0.23± 0.11 -0.00019±0.00052 -78.6± 157.7
0.00008±0.00007 CaII -21.8 0.49± 0.18 2.72 -0.00007±0.00036 -42.8± 111.2 0.59± 0.18 -0.00011±0.00033 -55.5± 100.6
0.00008±0.00007 CaII -24.8 0.22± 0.08 2.59 -0.00008±0.00055 -46.7± 165.5 0.10± 0.09 -0.00010±0.00081 -52.8± 243.8
Note.—If the Na I doublet is blended, the values listed for line 1 are measurements based on the blend, while the values for
line 2 are blanked out. The full table is provided in the online version of the paper.
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